An antibacterial substance (LIQ 4) produced by Streptococcus faecalis var. liquefaciens K 4 was isolated in extracellular and cell associated form. It markedly inhibited the growth of Grampositive bacteria, whereas only a few Gram-negative bacteria were susceptible. LIQ 4 was purified by hydrophobic chromatography (Servachrome XAD-2; octyl-Sepharose CL-4B ; Sephadex LH 60) and Sephacryl S-200. TLC yielded a fluorescent spot as the active component and several inactive ninhydrin-positive substances. These contaminating peptides strongly adsorbed to LIQ 4 and could only be removed by repeated reversed phase HPLC. Furthermore, HPLC separated LIQ 4 into seven closely related substances. All showed strong fluorescence under UV light, stained yellow with ninhydrin, and contained aspartate and lysine after acid hydrolysis. The molecular weight was estimated by Amicon ultrafiltration to be less than 2000. LIQ 4 was stable at 80 "C (30 min) and pH 2, but considerably inactivated above pH 8. It was apparently affected by proteolytic enzymes, but the activity could be fully restored upon heating. , 1979). Few experimental studies are available concerning the purification and characterization of inhibitory agents produced by Streptococcus faecium (Kramer & Brandis, 1975; Harasawa et al., 1981). Nothing is known about antibioticlike agents from Streptococcus faecalis and its varieties. This may be due to the extreme heterogeneity of these substances which are secondary metabolites, or so called idiolites (Walker, 1974) .
INTRODUCTION
Bacterial antagonism has long been recognized as a widespread phenomenon within the group D streptococci (Brandis & Smarda, 1971 ). Many of the agents responsible have been classified as bacteriocins or bacteriocin-like agents, haemolysins, defective phages or sex pheromones (Tagg et al., 1976; Dunny et al., 1979) . Few experimental studies are available concerning the purification and characterization of inhibitory agents produced by Streptococcus faecium (Kramer & Brandis, 1975; Harasawa et al., 1981) . Nothing is known about antibioticlike agents from Streptococcus faecalis and its varieties. This may be due to the extreme heterogeneity of these substances which are secondary metabolites, or so called idiolites (Walker, 1974) .
The production of antibiotics among eubacteria is more widespread than was generally assumed. Screening of Gram-negative bacteria led to the detection of low molecular weight antibiotics such as the microcins and beta-lactams (monobactams, carbapenems, cephalosporins and beta-lactones; De Lorenzo & Aguilar, 1984) . Little is known about true antibiotics produced by Gram-positive bacteria except those from Bacillus subtilis (bacitracin), Streptococcus lactis (nisin), and Streptococcus cremoris (diplococcin). Antibiotic-like substances are also produced by staphylococci (Pulverer & Jeljaszewicz, 1976; Eady et al., 1983) . The purpose of this study was to purify and characterize an inhibitory substance produced by Streptococcus faecalis var. liquefaciens K 4 and designated LIQ 4.
METHODS Difco
). Strains in current use were subcultured at 2 week intervals on TPA or sheep blood agar plates. Growth media for production of inhibitory agents were Brain Heart Infusion Broth (BHI, Difco), Tryptone Soy Broth (TSB, Oxoid) and Skim Milk (Difco); solid and semisolid media were prepared by adding 1.3% and 0.6% (w/v) agar (Difco) respectively to TSB. BBL Gas-Pak jars were used to achieve an anaerobic environment.
Bacterial growth in liquid culture was measured as ODss0 (Spektralphotometer DMR 11 ; Zeiss). The number of c.f.u. was determined by plating 10-fold serial dilutions onto TPA and recording numbers after 24 h at 37 "C. For detection of antibacterial activity the deferred antagonism method of Sahl & Brandis (1981) was used.
Assay ofLZQ 4. The activity of LIQ 4 was determined by a quantitative serial dilution test. Dilution was done in microtitre plates and volumes (10 pl) of 2-fold and 3-fold dilution series were dropped onto indicator plates. The highest dilution yielding a clear inhibition zone of the routinely used indicator strain Streptococcus fuecium M 106 was defined as containing 1 arbitrary unit (AU) ml-l.
PuriJication of LZQ 4 from fluid culture medium. TSB (50 1) supplemented with 4% (w/v) yeast extract was inoculated with strain K 4. After 40 h incubation at 37 "C, the culture was centrifuged and the supernate applied to a column of hydrophobic Servachrome XAD-2 (Serva) with a bed volume of 2 1. After washing with 3 bed vols of 60% (v/v) methanol, pH 4.8, LIQ 4 was eluted with three bed volumes of 78% (v/v) methanol adjusted to pH 2.0 with 2 M-HCl. Methanol was removed from the eluate in a Buchi rotary evaporator, and precipitated material removed by centrifugation (5000 g). The clear supernate was subjected to chromatography on a column of octylSepharose CL-4B (Pharmacia) as described below.
Purification of'LZQ 4from bacterial cells. Bacterial cells (150 g wet wt) were suspended in 78% (v/v) methanol, pH 2.0, and thoroughly homogenized (MSK homogenizer; Braun, Melsungen). After 4 h vigorous stirring the suspension was heated for 30 min at 80 "C, and subsequently centrifuged. Methanol was removed by evaporation, and the resulting solution applied to a column (28 x 2.4cm) of octyl-Sepharose CL-4B with a flow rate of 200 ml h-l. The column was washed with 3 bed vols distilled water, and LIQ 4 eluted with a combined methanol/pH gradient (OX, pH 5.0 to 75% (v/v) methanol, pH 2.5). Active fractions were concentrated by evaporation and ultrafiltration (YM-2; Amicon). The retentate was applied to a column of Sephadex LH 60 (53 x 2-8 cm; Pharmacia), previously equilibrated with 70% (v/v) methanol, pH 3.0. The active fractions were again pooled, concentrated by evaporation, and subjected to chromatography on Sephacryl S-200 (40 x 2-6 cm; Pharmacia) equilibrated with 70% (v/v) methanol, pH 3.0. After washing the column with 2 bed vols equilibration buffer, LIQ 4 was eluted with 10 mM-phosphate buffer pH 3.0, 50 mM-KCl, in 70% (v/v) methanol. The active fractions were pooled and desalted on a column of octyl-Sepharose CL-4B (1 x 8 cm) under the same conditions as described above. For further purification the material was lyophilized.
HPLC. A Gilson system was used consisting of two pumps (model 302) with 5 ml pumpheads, a gradient controller (system 1 l), a manometric module (802), a Rheodyne injection valve (200 pl), and a variable wavelength detector (Holochrome HM). Separation was done on a Lichrosorb C-18 reversed phase column ( 5 pm particle size; Bischoff, Leonberg, FRG), and acetonitrile gradients in 0.2% (v/v) trifluoroacetic acid were used. Derivatization with o-phthaldialdehyde (OPA) of LIQ 4 hydrolysates was done as follows: OPA reagent was kept as a standard solution of 56 mg OPA (Sigma) dissolved in 1 ml methanol and 10 pl2-mercaptoethanol. A 10-fold dilution with sample buffer (0.4 M-Na3B0,, pH 9.5) was freshly prepared before use. LIQ 4 hydrolysates were derivatized by mixing 1 :9 (v/v) with OPA reagent. After a 60 s period of derivatization, a 20 p1 portion was injected onto a reversed phase C-18 HPLC column.
PAGE. Preparative PAGE (Maurer, 1968) at pH 4.3, and analytical PAGE (Weber et al., 1972) at pH 8.5 in the presence of detergent (0.1 % SDS, 2 M-urea) were done in a vertical electrophoresis system (BRL V 16-2) with 15%
(w/v) polyacrylamide gels. As standards, a mixture of proteins (Merck; no. 15124) was used. Protein staining was done with Coomassie blue (Serva) or silver stain (Bio-Rad). Chemiculanalysis. TLC was done on silica gel thin layer plates (Merck; no. 5721) as described by Sahl & Brandis (1981) . LIQ 4 was treated with the following enzymes (2 mg ml-I): carboxypeptidase A, a-chymotrypsin, chymotrypsinogen A, /3-amylase (all from Serva); papain, protease, trypsin, deoxyribonuclease, ribonuclease A, lipase, phospholipase D, lysozyme (all from Sigma), and pepsin (Merck). Trypsin inhibitor (Sigma) and phenylmethylsulfonyl fluoride (PMSF ; Sigma) were used for the pretreatment of trypsin and protease respectively. Protein was determined by the method of Lowry. If not specified chemicals were purchased from Merck.
RESULTS A N D DISCUSSION

Spectrum of antibacterial activity
On TPA plates 49 of 56 (87.5%) strains of S. faecalis var. liquefaciens produced inhibitory substances. Only two of the 56 strains, however, produced detectable amounts of inhibitory substances in liquid TSB. A double inhibition zone (Fig. l) , which might reflect the production of different inhibitory substances, was observed only with S. faecium as indicator bacterium (32 strains tested). The range of activity of LIQ 4 is shown in Table 1 . A relatively narrow spectrum of activity was demonstrated in the deferred antagonism test, whereas the 50-fold partially purified substance, assayed by the quantitative serial dilution test, had a much wider spectrum of activity. Among 21 1 Gram-positive bacteria tested, only two strains of Clostridium tetani were resistant to 64 AU ml-l. Only four strains of Gram-negative bacteria (three Bacteroides species and one Fusobacterium species) were inhibited by this LIQ 4 concentration. Interestingly, the donor strain K 4 was inhibited by LIQ 4 concentrations higher than 256 AU ml-l.
Production of LIQ 4 LIQ 4 exists in cell associated and extracellular form, as do many bacteriocins (Tagg et al.,  1976) . Intracellularly accumulated LIQ 4 could not be detected by the methods used for the detection of sanguicin (Fujimura & Nakamura, 1979). UV irradiation or induction with mitomycin C, acridine orange or ethidium bromide failed to yield higher activities. Only low activities could be extracted from cells by mechanical disruption with glass beads, by ultrasonic treatment, or by washing with 6 M-urea or with 2 M-NaCl. Growth on each of 33 different media always resulted in less than 1 AU ml-l. The highest activity was found in the supernate of skim milk (32 AU ml-l). However, this proved to be an unsatisfactory starting material for further purification. TSB supplemented with 4% (w/v) yeast extract yielded 8 AU ml-l, and about the same amount in a cell bound form which could be extracted with acid methanol. Growth temperature and pH value of the growth medium had no significant influence on LIQ4 production. Maximum yields were produced under microaerophilic conditions, when most of the cells sedimented to the bottom of the carboys. Stirring decreased the activity dramatically, in contrast to greatly increasing yields of several staphylococcins (Jetten et al., 1972; Sahl & Brandis, 1981; Eady et al., 1983) .
Kinetics of' production
The growth of strain K 4 was influenced by the composition of the growth medium: in unsupplemented TSB growth was monophasic whereas in the presence of a relatively high concentration of yeast extract (4%, w/v) the kinetics of growth were biphasic (Fig. 2) . Maximum yields of LIQ 4 were found in stationary phase cultures.
Purijication and properties of LlQ 4
For the purification of LIQ 4 the concentrated eluate from the second run on octyl-Sepharose CL-4B (Fig. 3 ) was lyophilized and used for further investigations. After lyophilization the specific activity was 539 AU (mg protein)-', a 605-fold enrichment compared with the supernate [0.9 AU (mg protein)-']; 12.4% of the total original activity was recovered. Attempted molecular weight determination of LIQ 4 by gel filtration (Sephadex G-100; Pharmacia) was unsuccessful. Antibacterial activity was detected in a molecular weight range between 12000 and the salt peak area. The elution could not be improved by various concentrations of sucrose, EDTA or urea. The behaviour of LIQ 4 suggested. chemical heterogeneity (Bodansky & Perlman, 1969) , or, more likely, non-specific adsorption to contaminating material or the gel matrix.
In analytical PAGE without detergent LIQ 4 showed tailing from RF 0.1 to RF 0.8. Two main spots of antibacterial activity were detected, one of which corresponded with a silver stained area. In SDS-PAGE of the lyophilized substance, only one Coomassie blue stained band was found migrating behind the tracking dye with a molecular weight of 2300.
These characteristics strongly suggested LIQ 4 to be a low molecular weight bacteriocin such as the mutacin C3603 (Ikeda, et al., 1982) or the streptococcin sal-P (Tagg & Russell, 1981) . However, on TLC, lyophilized material separated into several ninhydrin-positive spots and one yellow spot surrounded by a red halo with strong fluorescence at 254 nm under UV-light. The antibacterial activity was associated only with the yellow spot, as was shown by scraping the gel from the plates and eluting the agent as described for detection of cell associated activity (see Methods). This result prompted us to attempt further purification of LIQ 4 by reversed phase HPLC. The single protein band detected on SDS-PAGE split on reversed phase HPLC into many different peaks (Fig. 4) . The active fractions were still contaminated with inactive peptides. These peptides could be removed by repeating the HPLC run. Under these conditions LIQ 4 separated into seven fractions, all showing the yellow fluorescent spot on TLC. Four fractions were active, three showed no antibacterial activity, and only one still contained inactive peptides (Fig. 5) . Hydrolysis and subsequent OPA derivatization of all six non-contaminated fractions yielded aspartate and lysine, which suggested that they were part of the active molecule. No further protein or peptide could be found either on TLC by ninhydrin stain or by UV absorption at 280 nm. Thus, determination of the final specific activity based on protein content was not possible. Determination of specific activity on a weight basis, and further physicochemical analysis such as NMR-spectroscopy was prevented by the small amounts of highly purified LIQ 4 available. Lipids or fatty aoids were not detected in the HPLC fractions.
The strong yellow fluorescence of LIQ 4 suggested similarity to the micrococcins first described by Su (1948) . These were degenerated peptides with thiazole subunits (Breiter et al., 1975; Pulverer & Jeljaszewicz, 1976) . Micrococcin M 3 could be separated into several spots on
